Direct Measurement of the W Production Charge Asymmetry in pp Collisions at \’é = 1.96 TeV

T. Aaltonen,?* J. Adelman,** T. Akimoto,?® B. Alvarez Gonzalez,"*' S. Amerio,**®** D. Amidei,®® A. Anastassov,>
A. Annovi,?® J. Antos,*® G. Apollinari,*® A. Apresyan,*® T. Arisawa,”® A. Artikov,*® W. Ashmanskas,'® A. Attal,*
A. Aurisano,®* F. Azfar,*® P. Azzurri,*’®47 W. Badgett,'® A. Barbaro-Galtieri,?® V. E. Barnes,*® B. A. Barnett,*

V. Bartsch,! G. Bauer,® P.-H. Beauchemin,®* F. Bedeschi,*’® D. Beecher,®* S. Behari,?® G. Bellettini,*"**"2 J. Bellinger,°
D. Benjamin,'” A. Beretvas,'® J. Beringer,?® A. Bhatti,>* M. Binkley,*® D. Bisello,***** |. Bizjak,*"¥ R.E. Blair,?
C. Blocker,” B. Blumenfeld,?® A. Bocci,'” A. Bodek,>® V. Boisvert,”° G. Bolla,*® D. Bortoletto,*® J. Boudreau,*®

A. Boveia,!!



M. S. Neubauer,?® S. Neubauer,?’” J. Nielsen,?>" L. Nodulman,? M. Norman,*° O. Norniella,?® E. Nurse,®* L. Oakes,*®
S.H. Oh,Y Y.D. Oh,?® I. Oksuzian,*® T. Okusawa,*? R. Orava,* K. Osterberg,?* S. Pagan Griso,****4% E. Palencia,®
V. Papadimitriou,*® A. Papaikonomou,?” A. A. Paramonov,** B. Parks,*° S. Pashapour,®* J. Patrick,'® G. Pauletta,>>"%%
M. Paulini,*® C. Paus,®® T. Peiffer,>” D.E. Pellett,® A. Penzo,>* T. J. Phillips,}” G. Piacentino,*’® E. Pianori,*® L. Pinera,®
K. Pitts,?® C. Plager,® L. Pondrom,?® O. Poukhov,'®? N. Pounder,*® F. Prakoshyn,*® A. Pronko,8 J. Proudfoot,?

F. Ptohos,*®) E. Pueschel,™® G. Punzi,*"*"2 J. Pursley,®® J. Rademacker,**% A. Rahaman,*® V. Ramakrishnan,

N. Ranjan,*® 1. Redondo,®? P. Renton,** M. Renz,?” M. Rescigno,®? S. Richter,?” F. Rimondi,®>%® L. Ristori,*"®
A. Robson,?? T. Rodrigo,*? T. Rodriguez,*® E. Rogers,?® S. Rolli,%” R. Roser,'® M. Rossi,>*® R. Rossin,*! P. Roy,**

A. Ruiz,*? J. Russ,*® V. Rusu,*®



4Division of High Energy Physics, Department of Physics, University of Helsinki and Helsinki Institute of Physics,
FIN-00014, Helsinki, Finland
SUniversity of 1linois, Urbana, Illinois 61801, USA
%5The Johns Hopkins University, Baltimore, Maryland 21218, USA
’Institut fiir Experimentelle Kernphysik, Universitat Karlsruhe, 76128 Karlsruhe, Germany
8Center for High Energy Physics: Kyungpook National University, Daegu 702-701, Korea;
Seoul National University, Seoul 151-742, Korea;
Sungkyunkwan University, Suwon 440-746, Korea;
Korea Institute of Science and Technology Information, Daejeon, 305-806, Korea;

Chonnam National University, Gwangju, 500-757, Korea
29



DOI: 10.1103/PhysRevLett.102.181801

At the Fermilab Tevatron, where collisions are pro-
duced at ¥ = r% T.° | Z« (<) bosons are created
primarily by the interaction of* ¢ ) quarks from the proton
and# ¥ ) quarks from the antiproton. Sincé' quarks carry,
on average, a higher fraction of the proton’s momentum
than¥ quarks [1,2], the —= tends to be boosted along the
proton beam direction, and the —< tends to be boosted
along the antiproton direction. The difference between the
- and -< rapidity distributions results in a charge
asymmetry
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where ., _is the —<boson rapidity [3] and® - #  _isthe
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differential cross section for —< or —< boson production.
The parton distribution functions (PDFs) describing the
internal structure of the proton are constrained by measur-
ing A, L [4]

Previous measurements [5-8] of the —“<charge asymme-
try at the Tevatron were made as a function of the pseudo-
rapidity [3] of the leptons from decays of oy (=
¢, u) since the —~decay involves a neutrino whose longi-
tudinal momentum is not determined experimentally.
However, the lepton charge asymmetry is a convolution
of the —=production charge asymmetry and the V — A
asymmetry from —<decays. These two asymmetries tend
to cancel at large pseudorapidities? = .0), and the
convolution weakens and complicates Ithe ‘constraint on
the proton PDFs.

In the measurement presented in this Letter, the compli-
cation is resolved by using additional information in the
lepton transverse energy (E;) and the missing transverse
energy (£;) [3] on an event-by-event basis to measure the
asymmetry as a function of the y 4 instead of the lepton

- This new analysis techniqule [g] gives the first direct
Yr_n!easurement of the “<production charge asymmetry using
—<—,, decays. We use data from r#£ b~ of integrated
luminosity collected by the CDF Il detector. The region of
acceptance is e < 30, giving the new measurement an
ability [’ imp}ov;l‘proton PDF determinations for 0.00 =<
=< 0. , where is the fraction of the proton momentum
carried by* - or¥ -type quarks. This analysis is described in
detail in Ref. [10].

The CDF Il detector is described in detail elsewhere
[11]. What follows is a brief description of the detector
components needed to identify “<«—,, events, which are
characterized by large missing transverse energy (£;) and
a track in the central drift chamber (COT) [12] or in the
silicon tracking system (SVX) [13,14] that points to a
cluster of energy in the electromagnetic (EM) calorimeters
[15,16]. The SVX provides precise track measurements
from eight radial layers of microstrip sensors. The COT
provides additional tracking information from 96 layers of

A, L

PACS numbers: 13.38.Be, 13.85.Qk, 14.60.Cd, 14.70.Fm

wires. Tracks are measured inside a 1.4 T solenoidal
magnetic field that allows electron charge determination
from the curvature of the track. The COT allows track
reconstruction in the ranger | = kg , While the SVX ex-
tends the capability up to..-  '= . . Outside the tracking
system, EM and hadronic (YI:IAD)"canrimeters measure the
energies of showering particles. The calorimeters are di-
vided into two types: a central calorimeter with a fiducial
region coverin < r.rand a forward calorimeter cover-
ingr < 3|‘.

We*’usert\,l/o types of ‘-, events, classified by the
calorimeter section in which the electron is detected. The
data are initially selected by an on-line event selection
(trigger) system. The trigger for the central électrons re-
quires an EM energy clustir with E, >~ and a
matching track with >%" . . The forward trigger,
designed specifically for —scandidates, requiges an EM
energy cluster with E, > 0~ and f; > " ° .

For central electrons, we require off-line event selection
including anPoIated energy cluster inthe region,_ < 1.7
with £, > ¥ 5 andli(0,) <40"* .Th idolation
Is0(0.4) is“defined as the calorimeter energy contained
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ceptance of the event (estimated with simulated data) and
efficiencies of the trigger and the electron identification
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